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SOME INTERFERENCE EFFECTS THAT INFLUENCE V'"1CAL- 

Ety S. Sherman  Edwards 

Three  types  of  aerodynamic  interference  originating  from  forward 
components  of  airplanes  are shmx to  contribute  to  decreased  vertical- 
tail  effectiveness. The vorticity  originating  from a slender  fuselage 
ahead of the wing resulted i n  a marked reduction in vertical-tail  effec- 
tiveness  with  angle  of  attack  for  one  model. For another  design,  location 

with  increased  superson2c  Mach nmbers above  the  wing at angle  of  attack 
resulted in decreasing  vertical-tail  effectiveness ~ t h  fncreasing  angle 

externally  mounted  engine  nacelles  caused a nonlinear  variation of 
vertical-tail  effectiveness  with  Mach nmnber . 

r of  the  vertical  tail in a region of reduced  dynamic  pressure  associated 

a of  attack. In tests  of a third  model,  pressure  waves  emanating f r o m  

INTRODUCTION 

Flight  experiences in which  supersonic  airplanes  were  inadvertently 
subjected  to large loads are  discussed in references 1 and 2. Deteriora- 
tion  of the directional  stability  with  increasing  angle of attack  and 
increasing  Mach rider was shown to cantribute i n  a Large measure t o  the 
unexpected  vtolence of the maneuvers  experienced. To provide  the  airplane 
with  sufficient  directional  stability is  the  function, pr-ily, of the 
vertical-tail  component. In recent  tests  of a number  of  contem@orary 
airplane  models in the  Ames 6- by 6-foot  supersonic wind tunnel  (ref. 3) , 
interference  effects  of  forward lifting components of the  models  upon  the 
loading on the  vertical  tail  was  observed to be an important  consideration 
in detemmng the  effectiveness  of this surface.  It  is  the  purpose  herein 
to  discuss  these  interference  effects  in  order  that  their  nature  and  impor- 
tance  might be more fully appreciated,  particularly in v i e w  of  the -or- 
tance  of  the  directional-stability  parameter, CnB, upon  the  roll-yaw 
coupling  motion  discussed in references 1 and 2. 
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RESULTS AND DISCUSSION 

. The variation of the  directional  stability (or the  yawing  moment  due 
to sideslip C ) with  angle of attack  at  two  Mach  numbers  for a mept- 
wing  airplane  is  presented  in  figure 1:; The results  for  this  model  show 
a substantial  decrease in directional  stability  with  angle  of attad and 
also  with  Mach  number.  In  fact, a Mach  number  of 1.9 is well  into  the 
speed  range in which  danger  of  directional  divergence  exi_ats.  The 
vertical-tail  contribution  is  the  difference  between  the  data  for  the 
tail-off  and  cmiplete  configurations.  At  both  Mach  numbers,  the  decrease 
in  the  yawing  moment  due to sideslip  with  increasing  angle  of  attack  is 
caused  by a corresponding decreaae  in  vertical-tail  effectiveness. The 
magnitude  of  the  unstable  yawing  moment  due  to  sideslip sham for  the 
tail-off  configuratian  illustrates why an efficient  vertical  tail  is 
needed. For this  airplane.,  the  decreased  effectiveness of the  vertical 
tail  as  the  angle  of  attack  increases  means  that  to  avoid  critical tail 
loads  accO7Epanying  directional  divergence,  the  size of the  surface  mu& 
be  larger than that  necessary  at  amall'angles of attack. 

- 

. .  
. .  

What  are  the  aerodynamic  conditions  that  'combine ta rob  the  vertical 
tail  on  this  model of its  effectiveness  as a stabilizing  surface?  The 
effect  of  Mach  nuniber is explained  adequately  by  the  aecreased  lift 
effectiveness  of  the  vertical  tail  with  increasing  Mach  number.  There 
are,  however,  three  possible  explanations of the  angle-of-attack  effect. .. 
Sidewash.effects  of  the  wing may be  unfavorable.  Examination of the 
increment in C between  the  results  for  the  body-tail  and  complete 
configurations  indicates,  however,  that.the_addition o f  tbe  wing  seems 
to  increase  rather  than  decrease  the  vertical-tail  loading  at a given  angle 
of sideslip.  The  second.possibility  is  that  the  sweepback  of  the  vertical 
tail  is  effectively  increased  with  angle of attack  and tad6 to reduce  the 
effectiveness of the  vertical  tail  because  it  is known that  the  lift-curve 
slope  decreases  trith  increasing  sweepback.  The  magnitude of the  decrease 
in  vertical-tail  effectivenesa is much  larger  than  can  be  traced to this 
simple  explanation.  The  third  possibility is indicated by a study  of  the 
body-tail  results.  Note  the  marked  decrease in the  vertical-tail  effec- 
tiveness  with  increasing  angle o f  attack. This. decrease ha0 been  traced 
to an induced  effect  of  the  fuselage in the  lifting  condition. 
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With  regard  to  the  third  possibility,  the  nature  of  the  induced  flar 
field in the  tail  region of this  model is shown in figure 2 for  the  fuse- 
lage  alone  at an angle of s idee1 . i~  of 5' and two  angles of attack.  These r 

photographs  were  obtained by means of the  vapor-screen  technique  (see 
ref. 4) in  the  Ames I- by  3-foot  supersonic  tunnel No. 1. The  darkened 
spots  on the vapor screen  near  the t a i l  of. the body .are caused by regions 
of concentrated  vorticity  associated  with  %he  Rzselage  loading.  The 
spinning  action  of  the  vortices  forces  moisture  particles  outward  from 

. .  . 
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I the  center  of rotation. Innermost  areas P - 
*. * 

- .  
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the  vortices,  therefore,  are . - 
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devoid  of mois ture  particles  capable of r e f l ec t ing   l i gh t  and hence these 
vortex  regions  appear as dark  spots on the  vapor screen. Note that i n  
figure 2 the  upper vortex  appears  to  be  in  the  plane of t he   ve r t i ca l  tai l ,  
the  posit ion of whLch i s  shown i n  the  drawing a t  the  top of figure 1. As 
the  angle of attack was increased f r o m  8' t o  16O, this vortex moved upward 
t o   a p p r o m t e l y   t h e  top of t he  vertical ta i l .  

In figure 3 , a similar study of t he  swept wing in  cambination  with 
the  fuselage i s  sham. The vantage  point from which the  vapor screen i s  
observed in t h i s  case i s  located  inside  the wind tunnel with  the model 
upstream of this point. The l ight  screen is  projected from the  l e f t  in 
these  pictures;  consequently, a shadow of the  model i s  cast t o  the right. 
In  addition  to  the  wing-tip  vortices which appear, body vortex  regions 
i n  the   v ic in i ty  of the tail are shown. Again, a strong vortex appears i n  
this case somewhat t o   t h e   r i g h t  of the  plane of  the v e r t i c a l  t a i l .  A s  t he  
angle of a t tack i s  increased, th i s   vor tex  seems t o  keep  approxFmately the  
same lateral   locat ion  with  respect   to   the  posi t ion of t he   ve r t i ca l  ta i l .  
Forward movement of the  vapor screen t o   t h e  mid-point of t he  body shows 
that at th i s   pa in t  one of t he  two body vortices i s  located  under  the lef t  
wing; the  other i s  above the  wing. The marked asymmetry in  the  body vor- 
t ex  flaw, therefare,  i s  readily  apparent. 

The  manner in which these  vort ices   inf luence  the  ver t ical- ta i l  load- 
ing i s  not known quantLtatively.  Several  qualitative statements can be 
made, however, regarding  these  vortices and their re la t ionship   to   the  
ve r t i ca l - t a i l  loads: (1) The ve r t i ca l  t a i l  in s ides l ip  i s  not Uft ing i n  
a unfform stream and both chordwise and spanwise variations Ln t he  loading 
caused  by  localized  vorticity  should  be  expected. (2) The marked decrease 
in ve r t i ca l - t a t1  load with  angle of a t tack of the  body-tail combination 
appears t o  be  related t o  the   f ac t  that, as Shawn i n  figure 2, t he  vortex 
coming from the   r igh t   s ide  of  the  fuselage (looking forward) actual ly  
intersects   the vertical t a i l  and  hence has maximum influence. The point 
of intersect ion moved.almost t o  the  tqp of t he  t a i l  at the  maximum angle 
of a t tack so  that the  induced effects w o u l d  be  expected t o  decrease at 
larger  angles, (3) The vertical movement of  th i s   vor tex  (i.e,, t he  one 
from the  right side of the fuselage) i s  smewhat re s t r i c t ed  by the  pres- 
ence of the  wing; it seems, also, t o  have moved away from the  v e r t i c a l  
t a i l  (see  f ig.  3 ) .  Consequently, i t s  influence i s  -shed and the  
complete configuration has s l igh t ly  more d i r ec t iona l   s t ab i l i t y  throughout 
the  angle-of-attack range. 

The ef fec t  of an unswept wing upon t he  results presented i n  figure I 
i s  sham in  figure 4. This wing had the  same span and aspec t   ra t io  as 
the  swept w i n g  shoyn i n  f igure 1. The v e r t i c a l  t a i l  also was changed t o  
an unswept design; however, results f o r  this t a i l  when tes ted  on the  
or iginal  swept-wing model  showed an almost ident ical   var ia t ion of t h e  
ver t ical- ta i l   effect iveness   with  angle ,of   a t tack and with Mach number as 
that of  the   o r ig ina l  swept tai l .  The effect of the   vor t ices  that were 
observed in the vapor-screen t e a t s  therefore must have been about the  
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same for   the  two t a i l s  when the   fac t  i s  considered t h a t  the  height, area, 
and chord at the  f 'usehge  juncture was kept  the &me. In figure 4 the  
data   for   the unswept-wing model show tha t   the   d i rec t iona l   s tab i l i ty  is  I 

maintained and actually  increases  at  moderate angles of attack. The high 
leve l  as compared with  the  original  airplane i s  caused  by the   fac t   tha t  
it w a s  necessary t o  s h i f t  the  center of gravity forward e l lgh t ly   t o  act-m- 
modate the more forward posit ion of the  &kept-wing  center of pressure. 
For both  configurations,  the same s t a t i c  margin at a Mach  number of 1.5 
was maintained. It was estimated  that  the  effect o? the  s t ra ight  wing 
was negligible on the-.ta&l-off reaul t s  shown in   f igure  I; therefore, it 
was concluded that the  maintenance of directional  stabil i ty  with  angle 
of a t tack was. caused almost  entir-ely by an increase   in   the   ver t ica l - ta i l  
effectiveness at high  angles of . . .  attack. 

* 
_- 

" 

Vapor.-screen photographs of the vortex flow i n   t he   t a i l   r eg ion  of - .  

t h i s  model a r e  shown in   f igure  5 .  From a camparison of these  photographs 
with  those f o r  the same model with a swept. wing ( f ig .  3) , it appears  that 
the   vor t ic i ty   o r ig ina t ing  from the  right  aide  of..the  fuselage  looking  for- 
ward i s  somewhat distributed  in  character;  and- the  center: of gravity of- 
th i s   vor t ic i ty   passes   fa r ther  t o  the  r ight  of . t h e . v e r t i c a l - t ~ l p Q s i t i o n .  
It i s  probable  also  that  the  forward  location :of t h e   t i p  of the unswept 
wing r e l a t i v e   t o   t h a t  of the swept wing increases  the sidewesh at the 
v e r t i c a l   t a i l w i t h  a re-sultant  increase in the-effectiveness of the  
ve r t i ca l  t a i l .  

A different  type of interference  effect  upon ver t ica l - ta i l   e f fec t ive-  
. .  

ne88 has been  observed for  configurations simLlar t o   t h a t  shown i n   f i g -  
ure  6. The increment in the  Cn parameter. between the   t a i l -of f  and 

complete-model result,? shows again in  this case a decrease i n  the v e r t i c a l -  
t a i l  contribution t o  t he ,d i r ec t iona l   s t ab i l i t y  w i t h  increasing  angle o f -  
at tack and increasing Mach number. Although the   poss ib i l i ty  of vortices 
assocFated  with  the lift of the  fuselage  forward of the wing i s  not  dis- 
counted i n  this case, it i s  believed that the major factor  contributing 
t o  this r e su l t  i s  t h e  unusually f.ar forward location o f  t h e   v e r t i c a l   t a i l .  
More specif ical ly ,   as . the  angle  of attack of t h i s  model i s  increased,  the 
stream  following  the wing-leading-edge shock wave expands t o  higher  than 
free-stream Mach numbers across  the  top of. the wing. The' ve r t i ca l  t a i l  
on t h i s  model i s  i n   t h i s  higher Mach  number region. The reduction in the 
load on the   ver t ica l  t a i l  caused  by the  decreased-dynamic p r e s m e  asso-" 
kiated  with  this expansion  reduces  the  directSanal  stability of the air- 
plane  ae  the  angle of attack  increases.  . .  

B 

- 

. .  
. .  

.. 

Most of the   ver t ica l  t a i l  of the swept-wing model previously  discuseed 
i s  downstr.eam of the.flaw  region  influenced by expanding  flow above the 
wing a t  Mach numbers lower than 1.9; therefore, a similar type of inter- c - 

kerence effect  was not. mentioned 'as a -&jor contribiking  factor t o  the 
ve r t i ca l - t a i l  loads. A t  higher  speeds, o f  couTBe, t h i s   e f f e c t  would  become 
of increasing  importance f a r  that configuration. 

-. " - 
.-  
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Another interference effecS; d i f fe r ing  from those  previously  discussed 
was observed fo r   t he  model sham in figure 7. Notice  that   the increment 

.i i n  Cn between the   t a i l -of f   resu l t s  and the  curve  for  the complete model 
B 

shows a nonlinear  variation of the  t a i l  contribution to the   direct ional  
s t a b i l i t y  w i t h  Mach number. This  nonlinearity  disappeared when the  
nacelles w e r e  removed or when t h e  outboard nacelles were placed on pylons 
below the  wing as shown in  dashed out l ine in the   s ide  view of t he  drawing 
at the  top of figure 7. Expanston waves f r m   t h e   n a c e l l e s  fmpinge upon 
the   ve r t i ca l  t a i l  i n  t h i s  arrangement and cause  both  chordwise and span- 
wise variations i n  the  loading on the   ve r t i ca l  t a i l  and a general  decrease 
in i t s  effectiveness. The nonlinear  increase i n  effectiveness  with Mach 
number i s  caused by the  rearward movement of pressure waves from t h e  
nacelles along the vertical tai l .  This effect   causes  the  directional 
s t a b i l i t y  of t h e  complete model t o  approach the  nacelles-off results at 
a Mach  number of 1.9. An important  consideration  for au airplane  having 
nacelles in th i s   pos i t ion  from the standpofnt of ve r t i ca l - t a i l  desfgu 
would be  the sudden loss of thrust i n  one of  t h e  outboard  engines.  This 
condition  could  result in large  differences  in  the  pressure waves hping-  
ing on the  two sides of t he   ve r t i ca l  t a i l  and could  cause  large  sideslip 
angles and large  loads on t h e  tai l .  

* 

SUMMARY OF RESULTS 

In summary, it i s  pointed  out that a deficiency  in  directional  eta- 
b i l i ty   permi ts   the  airp-e t o  develop  large  angles of s ides l ip  and hence 
la rge   ver t ica l - ta i l  loads. The t a i l -o f f  yawing m o m e n t s  for each of t he  
models considered w e r e  markedly unstable. The ve r t i ca l  t a i l  on the  swept- 
wing model provided  adeqwte  directional stability at low angles of attack; 
however, vorticity  associated  with  the lift of the  Fuselage  decreased  the 
ver t ical- ta i l   effect iveness  as the  angle of attack  increased. when the  
w i n g  on t h i s  model w a s  changed to an unswept design,  the  effectiveness of 
t he   ve r t i ca l  t a i l  was maintained with increasing  angle of attack.  This 
r e su l t  was believed  to  be caused primarily by the   f ac t   t ha t   t he  unswept 
wing al tered  the  posi t ion of vortices  originating from the  Fuselage ahead 
of the  wing and caused a decrease i n  the  adverse sidewash at the   ve r t i ca l  
tail. 

For the  tr iangular-whg motlel, a decrease in ver t ica l - ta i l   e f fec t ive-  
ness  with  angle of attack also  occurred;  this  decrease was caused by the  
location of t he  t a i l  i n  a region of reduced dynamic pressure  associated 
with  expansion of t he  flow over the wing. For both  airplanes, large ve r t i -  
c a l  ta i ls  are necessary t o  avoid  directional  divergence and hence excessive 
t a i l  loads. 

An interference  effect  o f  a different  nature influenced  the  vertical-  
t a i l  loads on t h e  model with  nacelles  located on the wing. I n  t h i s  case, 



6 

pressure  waves from the  nacelles  impinged on the vertical  tail. At-mod- 
erate  supersonic  Mach  numbers,  these  wave8  influenced  the  vertical-"Lail 
loads  in  sideslip  and  caused a nonlinear  variation o f  the  directional 

, stability  with  Mach  number. 

Ames  Aeronautical  Laboratory 
National  Advisory  Committee  for  Aeronautica 

Moffett  Field,  Calif.,  Aug. 30, 1955 
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All dimenslorn shown In hches 
unless otbsrwis* noted 

M = 12 
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M = 1.9 

Figure 1. - Vertical-tail effectiveness for a swept-wing airplane. 



. 

8 

01 = 16", = 5", M =1.9 

figure 2. - Vapor - screen  photographs of fuselage 
vortices in the tail region, 
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QL = 6", /3 = 5", M = 1.9 

I 
i 

Q = 12", 13 = So, M =1.9 

. .. ._ i 

Q = E", B = 5O, M = 1.9 
Vapor screen forward to midpoint of body 

Figure 3. - Effect of a swept wing on fuselage 
vortices viewed  directly  upstream. 

9 
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All dlmennlons shown In inches 
unleos otharwlse noted 

M - 1.2 M = 1.9 

I I I I 
0 5 IO 15 20 
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Rgure 4.- Effect of an unswept wing. 



CY 42", p = 5", M = 1.9 

a = 12O,  p = 5", M = 1.9 
Vapor screen forward to  midpoint of body 

Figure 5.- Effect of  an unswept wing on fuselage 
vortices viewed directly upstream. 
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All dimensions  shown In fnnches 
unless otherwise noted 

M 1.25 M = 1.90 . 
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0 -  0 
Toil off Toil off 

-.002 - 
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"002 - 
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Figure 6. - Vertical-tail effectiveness for a triangulor-wing . -  airplane 
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A11 dimamions shown In Inches 
unless otharwlw noted 
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b TaiI off 
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Mach number, M 
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Figure 2 - Effect of nacelles on verticat- tail effectiveness, - 
NACA - Langley Ffeld. VJ. 
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